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We have targeted Use expression of recombinant hu¬ 
man extracellular super oxide dismutase, a glycosy¬ 
lated tetramerie luetalloprotein, to the mammary gland 
of transgenic mice. This was achieved by using regu¬ 
latory elements from either the murine whey acidic 
protein gene or the ovine ,<M.aetogIobulin gene to con¬ 
trol expression of human extracellular superoxide dis- 
mutase sDNA. Whey acidic protein regulatory se- 
Quences directed high level mammary gland-specific 
expression of the recombinant gene and secretion of 
biologically active extracellular superoxide dismutase 
into the milk. The produced recombinant protein was 
fully active, it was in ietrmneric form, it showed hep¬ 
arin affinity, and its mass was similar to tfaat of the 
native enzyme. In addition ,thein vivo plasma clear¬ 
ance in a rabbit model was similar to the previously 
studied native and recombinant forms. To dnir knowl¬ 
edge, this is the first example of efficient production 
of & tetraiueric, protease-susceptible metalloprotein in 
milk of transgenic animals. Production at equivalent 
levels in transgenie farm animals would yield suffi¬ 
cient extracellular sntpsroxide diamutase for titerapeia- 
tic purposes. 


The secretory extracellular superoxide'dismutose (EC- 
SOD)’ is one of three different SOD isoenzymes present in 
mammals (1). It is the major SOD isoenzyme in plasma) 
lymph, and synovial fluid. (2-5) but exists, primarily in the 
interstitial space of tissues (6-8), The other tw o isoenzymes’ 
are the dimeric CuZn-SOD, which is an intracellular cytosolic 
enzyme, and the tetrameric Mn-SOD, which is found in the 
mitochondrial matrix (9-11). The human EC-SOD c6Kf£ has 
been isolated and sequenced (12), and the recombinant pro¬ 
tein has been produced in mammalian cells (13). The protein 
is composed of four equal subunits, each containing 222 ami no ' 
acids with a calculated molecular mass of 24.2 kDa (13). Each 
subunit binds one copper and one zinc atom and has a single 
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1 The abbreviations used are; ECLSQD, extracellular. euperowde 
dknOutase; SOD, superoxide (femutaBe; bp, base pair(a); WAP, whey 
acidic protein; kb, kiiob.atse pairts); MOPS, 3 ; ()V T morph!>iEno)pro- 
panesulfonic acid; CHO, Chinese hamster ovary; PAGE, polyacryl¬ 
amide gel electrophoresis, ' .'' 


iV-giycosyla'ior; aito at asparagine S9 (13, 14). Th? glyetin nf 
the native protein has not been the subject of any thorough 
investigation, 'but its lectin binding properties have neen 
studied (lVlS), AlKdimeutol and distinguishing property of 
EC-SOD fe its affinity for gome glycoaaminoglycsna such as 
heparin and heparan sulfate) 1,3, 4,15,16). The letter, which 
. exists in the glycoealyx of cell surfaces ana in the connective 
■ tissue matrix, is the important physiological ligand of EC- 
SOD. Because of this affinity, EC-SOD fornw'lh the vascu¬ 
lature an equilibrium between the plasma phase and the 
giycocalyx of.the endothelium (3, 4, 17, lb). In tisnuea,' vir¬ 
tually all EC-SOt). exists anchored to heparan sulfate in the 
interstitial space and on .the cel! surfaces ^J^The positively 
charged carBqiyl-territinal^end of the enzyme i*s responsible 
for the heparin binding. (19). This domain is'sensitive to 
proteolysis (20) resulting in EC-SGD forma with reduced or 
absent heparin affinities in iino "(8). 

Upon intravenous injection, EC-SOD rapidly b.r.rri to the 
surface of the endothefium and displays a long half-life (15- 
20 h) in the vasculature ffH, 18). CuZn-SQD (parenterally 
administered) has beer .shewn to escri. a host of t herapeutic 
actions'(21-26i."The experience with ECHO'D is in ednipari- 
edn small "(26-33), but this icpenzyiriH appears even Mors 
potent. The.high efficacy'is .most ceriajidy..rel«ted to' the 
'special pharmacokinetic properties at the enzyme. 

Genetic cdritrbl elements from different milt: protein genes 
have been used to direct production of.recombinant protein? 
in the milk of transgenic animals (,'I4-36». The u,- ? e of such 
transgenic techniques in farm animals offers the potential 
produce pharmaceutical proteins in the milk. The potential 
advantages are/thecapability to produce recombinant,' com¬ 
plex posi-trarisiationaHy modified.human, proteins,in large 
quantities in f highly coat-effective system without detriment 
to the producing animal. 

The temporal and spatial distribution of recombinant gene 

expression directed by milk protein, gene regulatory fragments 
From various species seems id be very conseived and general 
-amongall species studied (37, 38}. Despite the fee*, that many 
cDNAs and genbmic 'fragments'now have been evaluated in 
mammary gland expression systems in transgenic. anitr.ak, it 
is hard to dsfine the factors tliatjffr yt the level of exprewsdon 
The expression leyels reported are for some vector constructs 
very* high, wHereac)they'are disappointingly low for ethers 
. (3.5). The qifaiitatlye.aapSeto related to detailed annli^E of 
post-translational modifications of reconshinknt proteins pro¬ 
duced in the milk of tranegenie animals have received Bunted 
attention. In this study, the expression and functionality of a 
recombinant human glycosylated multimeric metalloprc-toin 
expressed in mouse mill: arc described. 
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